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A B ST R A C T
Starting from gravity asa Chern{Sim onsaction forthe AdS algebra in ve dim ensions,it
is possible to deform the theory through an expansion ofthe Lie algebra that leads to a
system consisting ofthe Einstein{Hilbert action plus nonm inim ally coupled m atter. The
deform ed system isgaugeinvariantunderthePoincaregroup enlarged by an Abelian ideal.
Although the resulting action naively lookslike GeneralRelativity pluscorrectionsdue to
m attersources,itisshown thatthenonm inim alcouplingsproducea radicaldeparturefrom
GR.Indeed,thedynam icsisnotcontinuously connected to theoneobtained from Einstein{
Hilbertaction.Inam atter{freecongurationandinthetorsionlesssector,theeld equations
aretoostrongarestriction on thegeom etry asthem etricm ustsatisfy both theEinstein and
pure Gauss{Bonnet equations. In particular,the ve-dim ensionalSchwarzschild geom etry
failsto bea solution;however,congurationscorresponding to a brane-world with positive
cosm ologicalconstant on the worldsheet are adm issible when one ofthe m atter elds is
switched on.These resultscan beextended to higherodd dim ensions.
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1 Introduction
Field theoriesin higherdim ensionsare nowadaysa naturalpartofthe high energy physics
toolkit.Havingaccepted thepossibility ofhigherdim ensionsm akesitworthwhiletoconsider
theories with structures that are inherently higher dim ensional,and not just a lifting of
thosethatexistin fourdim ensions.In particular,gravitation theorieswhich arenotjustthe
dim ensionalcontinuation ofthe Einstein{Hilbert action deserve specialattention. This is
thecaseoftheGauss{Bonnetaction,which only existsford  5 dim ensions,and sharesthe
basic assum ptionsofGeneralRelativity,nam ely,generalcovariance and second ordereld
equationsforthe m etric. In general,ford > 4,the generic theory thataccom plishesthese
criteria hashigherpowersofcurvature,and isgiven by theLovelock action [1].
As a purely m etric theory,the Lovelock action describes the sam e num ber ofdegrees
offreedom asgeneralrelativity (GR)[2]. However,in the rstorderform alism ,where the
vielbein and the spin connection are independently varied,there could be extra degreesof
freedom associated to thefactthatthetorsion m ay notvanish in vacuum [3],unlikein GR.
Thism akesitnaturalto introduce extra term scontaining torsion in the lagrangian [4]. It
isalso naturalto wonderwhetherthese theoriesadm ita locally supersym m etric extension.
Thiswasshown to be possible fora very particularcase ofEinstein{Gauss{Bonnetgravity
in ve dim ensions[5],where the coupling ofthe Gauss{Bonnetterm ischosen so thatthe
lagrangian can be viewed asa Chern{Sim ons(CS)form forthe superAdS5 group. Ithas
also been recently shown thatEuclidean gravity asa CS theory in ve dim ensions can be
seen to em ergefrom a CS theory in 0+ 1 dim ensionsin thelargeN lim it[6].
The supersym m etric extension ofthe lagrangian dened purely by the term with the
highest power ofcurvature in any odd dim ension,can also be seen as a CS form for the
superPoincarealgebra with a \centralextension" [7,8,9].
Thesupersym m etric extensionsoftheLovelock theoriesforhigherodd dim ensionswith
a negative cosm ologicalconstant can be achieved provided the gravitationalsectorissup-
plem ented with appropriate torsion term sso thatthe entire action can be viewed asa CS
form forthem inim alsuperAdS group [10,11].
It is worth highlighting thatin eleven-dim ensions,apartfrom the standard Crem m er{
Julia{Scherk supergravity theory [12],thereexistsan AdS supergravity whosegravitational
sector has higher powers in the curvature. As pointed out in Ref. [10]this theory has
O Sp(1j32)gaugeinvariance,and som esectorsofitm ightberelated to thelow energy lim it
ofM {theory ifone identies the totally antisym m etric partofthe contorsion with the 3-
form . Itsdual6-form isalso present,and hence,the theory notonly hasthe potentialto
contain standard supergravity,butalso som ekind ofdualversion ofit.
Thissuggestion hasbeen furtherdeveloped in [13],where itisproposed thatM {theory
couldberelatedtoaChern{Sim onstheorywithanenlargedgaugegroup,nam ely,O Sp(1j32)
O Sp(1j32). However,to thisdate,the contactwith the Crem m er{Julia{Scherk theory re-
m ainselusive (seealso [14,15]).
On the other hand,a generalm ethod to expand a Lie (super) algebra allows to con-
sistently deform a Chern{Sim ons theory with a given Lie algebra into another one whose
Lie algebra hasm ore generators[16]. Itissim ple to see thatapplying thism ethod to the
eleven-dim ensionalAdS supergravity yields a deform ed theory whose gravitationalsector
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contains the Einstein{Hilbert action nonm inim ally coupled to a host ofadditionalm atter
elds.Thisproposalhasbeen explicitly carried outin [17],whereitwasfound thattheeld
equationsofthe deform ed theory in vacuum do notreduce to the Einstein eld equations,
butneverthelessitwasshown thattheM -wavesofstandard eleven-dim ensionalsupergravity
arealso solutionsofthenew theory.
Thepurposeofthisnoteistocapturethesourceoftheclash between thedeform ed theory
and GR in a sim plied setting. W e considergravity asa CS action forthe AdS algebra in
vedim ensions,which isthesim plestnon-trivialcasewheretheproblem arises.Deform ing
the theory through an expansion ofthe Lie algebra leads to a CS system that is gauge
invariant under the Poincare group with an Abelian ideal. The resulting action consists
ofthe Einstein{Hilbert term plus otherterm s containing m atternonm inim ally coupled to
thecurvature.Theseextra term sdo notcorrespond to correctionsofGR sincealthough the
action reducestoEinstein{Hilbertwhen them attereldsareswitched o,theeld equations
don’t. Thisisa generic feature ofnonm inim alcouplings,which produce strong deviations
from GR.Indeed,in the torsionlesssectorin vacuum ,the geom etry m ustsatisfy both the
Einstein and pureGauss{Bonnetequationssim ultaneously.Theserestrictionsareso strong
asto ruleout,forinstance,theve-dim ensionalSchwarzschild solution,butnota pp-wave.
W hen m attereldsare switched on,however,congurationscorresponding to a brane-
world with positive cosm ologicalconstanton the worldsheetare adm issible. Curiously,the
m etric forthisclassofsolutionsalso solvesthe eld equationsofthe supergravity theories
with localPoincareinvariancein vacuum ,asdiscussed in [9].
In dim ensionsd > 5,theapplication oftheexpansion m ethod asin [16]givesrise to an
extension ofthe Poincare algebra by a large num ber ofextra generators,which no longer
form an Abelian ideal.Asaconsequence,in thetorsionlessvacuum sector,in addition tothe
Einstein and pureGauss{Bonnetequations,allthepossibleeld equationscom ingfrom each
term in theLovelock action m ustbesatised.Thism eansthat,asthedim ensionsincrease,
theclash with GeneralRelativity becom esunsurm ountable.However,in allcasespp-waves
arealwayssolutionsofthedeform ed system s.
2 Five-dim ensionalC hern{Sim onsA dS gravity and its
expansion
Nonabelian Chern-Sim onstheoriesin vedim ensionsaregiven by a Lagrangian L such that
dL = hF ^ F ^ Fi ; (1)
whereF = dA + A ^A istheeld strength (curvature)and A isthenonabelian gaugeeld.
Here the bracketh   istandsfora third rank invarianttensorofthe Lie algebra. Forthe
ve-dim ensionalAdS algebra theconnection reads
A = ea Ja +
1
2
!
ab
Jab ; (2)
whereJab and Ja arethegeneratorsofLorentztransform ationsand AdS boosts,respectively,
ea isthevielbein and !ab isthespin connection.Theonly nonvanishing com ponentsofthe
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bracketare
hJab;Jcd;Jei=
4
3
abcde : (3)
Thus,the action isthe Einstein{Gauss{Bonnet theory with xed relative couplings,up to
surfaceterm s,
I = 
Z
abcdf

R
ab
^ R
cd
^ e
f +
2
3
R
ab
^ e
c
^ e
d
^ e
f +
1
5
e
a
^ e
b
^ e
c
^ e
d
^ e
f

; (4)
where the AdS radius has been xed to one,and R ab = d!ab + !ac ^ !
cb is the curvature
two-form .
Applying the expansion m ethod of[16]up to second order,the connection isdeform ed
as
A ! eA = ea Pa +
1
2
!
ab
Jab+ h
a
Za +
1
2

ab
Zab : (5)
This connection isthe gauge eld foran extension ofthe Poincare algebra by an Abelian
idealspanned by fZa;Zabg,so thatthe com m utation relationsofthe fullalgebra are given
by
[Pa;Pb]= Zab ; [Jab;Pc]= Pa bc  Pbac ;
[Jab;Jcd]=  Jacbd + Jbcad   Jbdac+ Jad bc ; (6)
[Za;Zb]= [Zab;Zc]= [Zab;Zcd]= [Pa;Zb]= 0 ;
[Zab;Pc]= [Jab;Zc]= Za bc  Zbac ;
[Jab;Zcd]=  Zacbd + Zbcad   Zbdac + Zadbc :
Thecurvaturetwo-form corresponding to theconnection (5),isobtained as
F ! eF = Ta Pa +
1
2
R
ab
Jab+

D h
a +  ab ^ e
b

Za +
1
2

D 
ab+ ea ^ eb

Zab ;
= Ta Pa +
1
2
R
ab
Jab+ ~F
a
Za +
1
2
~F abZab ; (7)
whereD isthecovariantderivativewith respectto theLorentzpieceoftheconnection,and
Ta = D ea.Theexpansion m ethod ensuresthatonecan consistently isolatethesecond order
term in theexpansion oftheLagragian,which correspondsto a CS theory forthedeform ed
algebra,i.e.,
deL =
D
eF ^ eF ^ eF
E
; (8)
wherenow thebracketisdened as
hJab;Jcd;Zfi= hJab;Zcd;Pfi=
4
3
abcdf : (9)
Theresultingdeform ed action islocally invariantundergaugetransform ationsgenerated
by the algebra (6). Ifexpressed in term s ofthe com ponents ofthe gauge eld the action
reads(weput= 1),
eI =
Z
abcdf

2
3
R
ab
^ e
c
^ e
d
^ e
f + R ab^ R cd ^ hf + 2R ab^ cd ^ Tf

; (10)
3
up to surfaceterm s.
A shortcutto obtain thedeform ed action from (4)isasfollows:shifttheeldsas
!
ab
! !
ab+ ‘ 2 ab ; (11)
e
a
! ‘
 1
e
a + ‘ 3 ha : (12)
Thedeform ed action (10)isthen obtained replacing theshifted eldsin theoriginalaction
(4)and retaining theterm soforder‘ 3 .Asshown in theAppendix,itisstraightforward to
generalizethisshortcutto apply theexpansion procedurein higherdim ensions.
It is apparentfrom the action (10)thatifone identies the eld ea with the vielbein,
the system consistsofthe Einstein{Hilbertaction plusnonm inim ally coupled m atterelds
given by ha and ab.Although theresulting action naively lookslikegeneralrelativity plus
corrections due to the m atter sources,one can see that the nonm inim alcouplings are so
intricate as to produce a radicaldeparture from generalrelativity. These extra term s do
not correspond to corrections ofGeneralRelativity since although the action reduces to
Einstein{Hilbertwhen the m attereldsare switched o,the eld equationsdon’t.Indeed,
varying the action (4)with respectto the vielbein,the spin connection and the additional
bosonicelds,ha and ab,theeld equationsread respectively,
abcdf R
ab
^ e
c
^ e
d =  abcdf R
ab
^ D 
cd
; (13)
abcdf

eF
cd
^ T
f + R cd ^ eF f

= 0 ; (14)
abcdf R
ab
^ R
cd = 0 ; (15)
abcdf R
ab
^ T
c = 0 : (16)
In a m atter{free conguration and in the torsionless sector, the m etric m ust satisfy
sim ultaneously theEinstein and thepureGauss{Bonnetequations,
abcdf R
ab
^ e
c
^ e
d = 0 ; (17)
abcdf R
ab
^ R
cd = 0 ; (18)
which iscertainly a severerestriction on thegeom etry,and notjusta correction to General
Relativity. In particular,it is sim ple to see that the only spherically sym m etric solution
satisfying both equationsisatspacetim e (see e. g.,[18]),and hence the ve-dim ensional
Schwarzschild geom etry isruled outasa solution.
It is am using to see that requiring the m etric to solve equations (17) and (18) sim ul-
taneously,is too strong so as to rule out a spherically sym m etric black hole,but not a
pp-wave. Indeed,itissim ple to see thatpp-wave solutionsofthe Einstein equationssolve
independently (18)aswellasany equation constructed from powersoftheRiem ann tensor
with two free indices. Thisisbecause the Riem ann tensorfora pp-wave isorthogonalto a
(covariantly constant)nullvectoron allitsindices,so thatany term involving contractions
oftheRiem ann tensor,being quadraticorofhigherdegreeidentically vanishes.Thisisthe
underlying reason ofwhy pp-wavessolve \stringy corrections" to GeneralRelativity which
involve higherpowersofthecurvatureto allorders(seee.g.,[19]).
Even though theeld equationsturn outto betoo restrictive forthem etric,they allow
certain freedom when m attereldsare switched on. The purpose ofthe nextsubsection is
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to show thatthereexistcongurationscorresponding to a brane-world with positivecosm o-
logicalconstanton theworldsheet,supported by m attereldswhich arediscontinuous,but
notsingular,acrossthebrane.
2.1 Four{dim ensionalbrane world solution
Switching on thebosoniceld ab,theeld equationsin thetorsionlesssectorread
abcdf R
ab
^ e
c
^ e
d =  abcdf R
ab
^ D 
cd
; (19)
[ajcdfgR
cd
^ 
fg
^ ejb]= 0 ; (20)
abcdf R
ab
^ R
cd = 0 : (21)
Letusconsidera dom ain walloftheform
ds
2 = e2f(jzj)
 
dz
2 + ~g(4) dx

dx


;
where ~g
(4)
 = ~g
(4)
 (x)isthem etricon theworldsheet.Thevielbein can bechosen as
e
m = ef(jzj)~em ; e4 = ef(jzj)dz ; (22)
where ~em = ~em (x),with m = 0;   ;3,isthe vielbein along the worldsheet. The only non
vanishing com ponentofthebosoniceld ab isassum ed to beoftheform

m 4 = g(z)~em : (23)
Itiseasy to seethattheeld equations(19-21)aresolved provided
~R m n = (f0(jzj))2 ~em ^ ~en ; e 2f(jzj) f0(jzj)=
1
2g(z)
; (24)
where ~R m n isthecurvaturetwo-form along theworldsheet.Thism eansthat(f0(jzj))2 m ust
bea positiveconstant,which in turn im pliesthatf(jzj)=  jzj.Thus,thegeom etry ofthe
dom ain wallacquirestheform
ds
2 = e 2jzj
 
dz
2 + ~g(4) dx

dx


; (25)
wheretheworldsheetm etricofthefour-dim ensionalbrane-world m ustbelocally a deSitter
spacetim ewith radius‘=  1 ,and m oreover,thenon-vanishing com ponentsofthebosonic
eld read

m 4 =  
1
2
sgn(z)e 2jzj ~em : (26)
3 Sum m ary and discussion
In thisnote,itisshown thatdeform ing theChern-Sim onstheory forAdS gravity according
to the expansion procedure of[16]isnotsucient to produce a directlink with standard
GeneralRelativity. The factthatthe Einstein-Hilbertterm appearsin the action isjusta
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m irage,since actually the nonm inim ally coupled m attereldscannotbe regarded assm all
corrections. In fact,the dynam ics suers a radicaldeparture from GeneralRelativity so
thatitisnotcontinuously connected to theoneobtained from theEinstein{Hilbertaction.
Indeed,forvacuum congurationswithouttorsion,theeld equationsgivesevererestrictions
on the geom etry,so thatin particular,the m etric m ustsim ultaneously satisfy the Einstein
as wellas the pure Lovelock eld equations. This precludes the existence ofspherically
sym m etric black holes,butdoesnotruleoutpp-waves.
In the ve-dim ensionalcase,itis shown thatcongurations corresponding to a brane-
world with positivecosm ologicalconstanton theworldsheetareadm issiblewhen oneofthe
m attereldsisswitched on.Curiously,them etric forthisclassofsolutionsalso solvesthe
eld equations ofthe supergravity theories with localPoincare invariance in vacuum 1,as
discussed in [9].
Itgoeswithoutsayingthattheprocedurecan alsobeapplied forthelocallysupersym m et-
ricextensionsofthese theories;however,itisclearthatsupersym m etry would notim prove
thesituation.
Onecan noticethatthereisan arbitrary elem entin theidentication ofthegaugeelds
with spacetim e geom etry.Forinstance,in the ve dim ensionalcase the connection (5)has
two possiblecandidatesto beidentied with thevielbein,nam ely,theeldsea and ha,since
both transform as vectors under localLorentz transform ations. Choosing ea,m akes the
Einstein-Hilbertterm to appearin the action,butasdiscussed here,thischoice bringsin,
apartfrom the Einstein equations (17),the Gauss-Bonnet ones (18) to be sim ultaneously
fullled by the geom etry in vacuum . Alternatively,ifone identiesha asthe vielbein,the
Einstein-Hilbertterm doesnotappearin theaction,butthetheory in vacuum iswelldened
in thesensethatthegeom etry m ustsatisfy only theGauss-Bonnetequations,and them etric
is notoverdeterm ined as forthe other choice. The asym m etry between these two choices
com esfrom thefactthatintherstcase,thecorrespondinggeneratorsPa areactuallypseudo
translationssince [Pa;Pb]= Zab,which bringsin the extra eld equationsto be required in
vacuum . For the other choice,instead,the corresponding generators Za com m ute am ong
them selves and can be identied as the translation part ofthe Poincare group;so,when
m attereldsareswitched o,thereareno extra eld equationsforthegeom etry.Thus,for
thischoice the nonm inim ally coupled m attereldsactually correspond to correctionsthat
can beconsistently switched o,butfortheGauss{Bonnettheory.
From the lastrem ark one can observe thatin general,the expansion m ethod generates
m any elds that are candidates to be identied with the vielbein,and for each choice a
com pletely dierentgravitationalsectorarises.An arbitrary choice isgoing to suerofthe
sam e overdeterm inacy ofthe spacetim e m etric as it occurs for the choice that m akes the
Einstein-Hilbertterm to appearin the action. However,there isalwaysone specialchoice
that is free from this problem . For this choice,the gravitationalsector is described by a
lagrangian thatisthedim ensionalcontinuation oftheEulerdensity ofonedim ension below.
ThisisjusttheCS form forthePoincaregroup.
The expansion m ethodsdescribed here arealso usefulto connectan eleven-dim ensional
1Note thatthisclassofsolutionspossessesa jum p in the extrinsic curvature withoutthe need ofa thin
shellasm attersource.Thiscan beseen to beallowed by thegeneralization oftheIsraeljunction conditions
forthiskind oftheories[20].
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AdS supergravity theory with a gaugetheory fortheM -algebra [21].
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A ppendix. Extension to arbitrary odd dim ensions
Asexplained in theve-dim ensionalcase,theexpansion m ethod of[16]can beim plem ented
forgravity asa Chern-Sim onstheory fortheAdS group in higherodd dim ensions,through
a sim ilar shortcut consisting on shifting the elds as in Eqs. (11),(12). The deform ed
action isthen obtained by replacing theshifted eldsin theoriginalaction.Fordim ensions
d = 2n + 1,thegeneralized shiftreads
!
ab
! !
ab+
n 1X
k= 1
‘
 2k

ab
(k) ; e
a
! ‘
 1
e
a +
n 1X
k= 1
‘
 (2k+ 1)
h
a
(k) ; (27)
where ha
(k)
,and ab
(k)
are extra bosonic one-form elds. The gravitationalaction,instead,is
given by
IA dS =
Z nX
p= 0
1
(2n + 1  2p)

n
p

L
(p) (28)
whereL(p) arethedim ensionalcontinuation oftheEulerform s
L
(p) = a1a2n+ 1R
a1a2 ^    ^ R
a2p  1a2p ^ e
a2p+ 1 ^    ^ e
a2n+ 1 : (29)
The deform ed action isobtained aftersubstituting (27)in (28)and retaining the term sof
order‘2 d .Itsexplicitform isnotparticularly illum inating,but,asexpected,containsthe
Einstein{Hilbertterm
I
2n+ 1 =
Z nX
p= 2
 
n
p

(2n + 1  2p)
a1a2pa2p+ 1a2n+ 1
pX
k= 0
kX
k1= 0
  
k(n  3)X
k(n  2)= 0
Cp;k;k1;;k(n  2)
R
k(n  2)
"
n 2Y
j= 1
R
k(n  2  j) k (n  1  j)
(j)
#
R
p k
(n 1)
2n+ 1 2pX
r= 0
rX
r1= 0
  
r(n  3)X
r(n  2)= 0
C2n+ 1 2p;r;r 1;;r(n  2)
e
r(n  2)
"
n 2Y
i= 1
h
r(n  2  i) r (n  1  j)
(i)
#
h
2n+ 1 2p r
(n 1)
+
n
2n   1
a1a2n+ 1R
a1a2e
a3    e
a2n+ 1 : (30)
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HereR
q
(j)
m eansthewedgeproductofq curvaturesdened by
R
ab
(k) =
(k 1)
X
i;j= 1(i+ j= k)
D (!)ab(k)+ 
a
(i)c ^ 
cb
(j) :
with theappropriateLorentzindices,i.e. R
as+ 1as+ 2
(j)
   R
a2q  1  sa2q  s
j and thesam econvention
isadopted forh
q
(j)
thatisthe wedge productofq one-form eldsh(j).
2 Besides,we om it
thewedgeproductsym bol.
However,thisaction denesa Chern-Sim onstheory fortheconnection
A = ea Pa +
1
2
!
ab
Jab+
n 1X
k= 1
h
a
(k)Z
(k)
a +
1
2
n 1X
k= 1

ab
(k)Z
(k)
ab ;
whereoneneedstoincludetheaditionalgeneratorsZ
(i)
a ,and Z
(i)
ab with i= 1;   ;n  1.The
resulting algebra hasthefollowing com m utation relations
[Pa;Pb]= Z
(1)
ab ; [Jab;Pc]= Pa bc  Pbac ; [Jab;Jcd]=  Jacbd +    ;
h
Z
(i)
a ;Z
(j)
b
i
= Z
(i+ j+ 1)
ab ;
h
Z
(i)
ab;Z
(j)
c
i
= Z (i+ j)a bc  Z
(i+ j)
b ac ;
h
Z
(i)
ab;Z
(j)
cd
i
=  Z (i+ j)ac +    ;
h
Pa;Z
(i)
b
i
= Z
(i+ 1)
ab ;
h
Z
(i)
ab;Pc
i
= Z (i)a bc  Z
(i)
b ac =

Jab;Z
(i)
c

;
h
Jab;Z
(i)
cd
i
=  Z (i)acbd +    (31)
and thenonvanishing com ponentsofthe(n + 1)th{rank invarianttensoraregiven by


Ja1a2;   ;Ja2n  1a2n ;Z
(n 1)
a2n+ 1

=
2n
n + 1
a1a2n+ 1 ;
D
Ja1a2;   ;Ja2i  1a2i;Z
(j1)
a2i+ 1a2i+ 2
;   ;Z
(jq)
a2n  1a2n
;Z
(p)
a2n+ 1
E
=
2n
n + 1
a1a2n+ 1 ;
D
Ja1a2;   ;Ja2k  1a2k;Z
(l1)
a2k+ 1a2k+ 2
;   ;Z
(lr)
a2n  1a2n
;Pa2n+ 1
E
=
2n
n + 1
a1a2n+ 1 :
Here the num bersofgeneratorsiand q (resp.k and r)satisfy i+ q = n (resp.k + r = n)
and the other param eters are chosen such that 2(j1 +    jq)+ 2(p   n + 1) = 0,(resp.
2(l1 +    lr)+ 2(1  n)= 0).
In thetorsionlesssectorofthetheory and in absenceofm atterelds,theeld equations
2W e havealso introduced thequantity Cr;s;s1;;sN 
 
r
s
 
s
s1

  
 
sN   1
sN

.Theparam etersarerestricted as
follows:foreach xed p such that2  p  n,
j
 
k(n 2 j)   k(n 1 j)

+ i
 
r(n 2 i)   r(n 1 j)

+ (n   1)(2n   p  k  r+ 1)= p  1 ;
where the integersiand j run over1;   ;(n   2)with k(n 2)  k(n 3)      k1  k  p and r(n 2) 
r(n 3)      r1  r (2n + 1  2p).
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aregiven by
a1a2n+ 1R
a1a2 ^    ^ R
a2n  1a2n = 0 ;
a1a2n+ 1R
a1a2 ^    ^ R
a2n  3a2n  2 ^ e
a2n  1 ^ e
a2n = 0 ;
...
a1a2n+ 1R
a1a2 ^ e
a3 ^    ^ e
a2n = 0 ;
which m eansthatthem etricm ustsatisfy sim ultaneously theEinstein aswellasallpossible
\pureLovelock" equations.Thisisan even m oresevererestriction on thegeom etry than in
theve-dim ensionalcase,and notjusta correction to GeneralRelativity.Analogously,itis
sim pleto seethattheonly spherically sym m etricsolution satisfying alltheequationsisat
spacetim e (see e.g.,[18]),so thatSchwarzschild solution isruled out.However,itissim ple
to seethatpp-wavesolutionsoftheEinstein equationssolvethewholesystem .
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